Objective: Despite high rates of diabetes and depression in rural areas, limited data exists to document patterns and predictors of depressive symptoms in rural patients with type 2 diabetes (T2DM). The purpose of this study was to assess the rates and predictors of co-morbid depressive symptoms over an 18-month period in a cohort of rural Appalachian adults with T2DM. Methods: N = 100 adult T2DM patients were recruited from family medicine and endocrinology practices located in the rural Appalachian counties of *We wish to gratefully acknowledge support for this study from Ohio University Diabetes Research Initiative and the National Institute of Diabetes, Digestive Diseases and Kidneys (R34DK071515).
INTRODUCTION
Depression is a significant co-morbid condition among patients with diabetes and it is estimated to affect one in four patients with type 2 diabetes (T2DM) [1] . Diabetes patients have been found to be two times more likely to experience depression than non-diabetes peers [1] , with studies utilizing self-report inventories reporting higher prevalence rates of elevated depressive symptoms (31%) than those using diagnostic interviews to diagnose depressive disorders (11%). Women with diabetes showed higher rates of depressive symptom prevalence compared to men (28% vs. 18%) with lower diagnosis rates found in controlled studies utilizing diagnostic interviews (26% female vs. 9% male) [1] . Risk factors associated with major depression and diabetes have been found to include female gender, high school education or less, unmarried status, cigarette smoking, increased number of diabetes complications, and HbA1c levels greater than 8.0% [2] .
Depression is a serious co-morbid condition of diabetes. Depression is associated with worsened blood glucose levels [3] and diabetes complications [4] , including the acceleration of coronary heart disease in women [5] . The financial and behavioral costs of depression include increased functional disability [6] , decreases in adherence to self-care behaviors [7] , increased medical costs [7] , and greater ambulatory care use and medications [8] . Finally, co-morbid depression has been found to increase the risk of early mortality among patients with diabetes [9, 10] .
Although depression is well-documented as a chronic condition in the general population [11] , little is known about depression and diabetes among persons living in rural areas despite the fact that many rural communities experience comparable rates of diabetes compared to urban areas [12] and greater risk factors for co-morbid diabetes and depression including greater burden of poverty, income inequality, and unemployment [13] [14] [15] [16] [17] . Our group found that 31% of T2DM patients attending family medicine or endocrinology appointments in this region reported clinically significant depressive symptoms [18] . Poverty (e.g., unemployment, lack of home ownership) significantly predicted the presence and severity of depressive symptoms [18] , which is consistent with findings observed in urban ethnic minority samples [19, 20] .
Mental health has been rated as the fourth highest rural health priority after access to healthcare, oral health, and diabetes among state and local rural health leaders [21] . Although overall prevalence rates of mental illness are comparable in urban and rural areas, there is considerable disparity among rural residents in seeking and obtaining appropriate mental healthcare to treat common disorders [21] . With respect to depression, higher rates of suicide and suicide attempts have been found in rural compared to urban areas which have been attributed to dual disorders (e.g., major depression and substance abuse/dependence), social stigma and limited access to treatment [21] . Multiple barriers exist in rural areas to adequately address depression in adults with T2DM including availability of care [21] , poverty [22, 23] , transportation [24] , and stigma associated with seeking mental health services [21, 24] . The availability of specialty care (e.g., psychiatry) is considerably limited in rural areas [21] . For example, 87% of Health Resources and Services Administration-designated Mental Health Professional Shortage Areas in the United States are non-metropolitan and contain more than 30 million people [21] .
To date, only two studies from urban areas have examined depressive symptom or depression diagnosis recurrence in urban samples. In a mixed sample of patients with type 1 and type 2 diabetes enrolled in an urban diabetes education program, Peyrot and Rubin [24] evaluated self-reported depressive symptoms in patients at pre-program enrollment, post-program (1 week later), and at 6-and 12-month follow-up evaluations. Thirty-six percent of participants who reported depressive symptoms at either pre-or post-program also reported depressive symptoms at the 6-month follow-up evaluation. Seventy-three percent of the patients who reported depressive symptoms at both the pre-program and post-program continued to report depressive symptoms 6 months later. At a 12-month evaluation, 81% of patients who were positive for depressive symptoms at two time points continued to report depressive symptoms. Twelve percent of patients who did not report depressive symptoms at either baseline period reported depressive symptoms at the 6-month follow-up evaluation. The authors reported that significant predictors of persistent depressive symptoms included patients with non-insulin treated T2DM, multiple diabetes complications, and limited education (i.e., less than a high school degree). Depression treatment characteristics were not reported.
In a 5-year follow-up study of type 1 and type 2 diabetes patients drawn from an urban center and diagnosed with major depressive disorder (MDD assessed using the Diagnostic Interview Survey), Lustman [25] found that 79% (N = 22) of patients reported an affective illness (MDD or dysthymia) during the follow-up period. Only 10% of patients without MDD at baseline developed depression during the intervening period. Diabetes complications did not appear to differ between those with and without recurrent depression histories. Data were not available on the predictors of recurrent depression or depression treatment experiences in this small but well-characterized sample.
In sum, no studies to date have examined patterns of depressive symptoms over time among rural adults with T2DM. The current study is an 18-month longitudinal evaluation of a cohort of T2DM patients recruited from family medicine and endocrinology practices located in Appalachian counties of southeastern Ohio and West Virginia. The aims of the study were to identify the rate of self-reported depressive symptoms at follow-up among T2DM patients and the rate of depressive symptom persistence among patients reporting clinically significant depressive symptoms at baseline. In addition, the study sought to characterize the predictors of depressive symptom persistence in this cohort with respect to demographic, diabetes, and treatment history variables.
METHODS

Participants
Participants for the current study were recruited from the Psychosocial Aspects of Diabetes among Medical Patients in Appalachia Study [18] . At baseline (Time 1), 201 participants were initially recruited from family medicine and endocrinology practices of participating providers. Participants enrolled at Time 1 met eligibility criteria and consented to participate. Eligibility criteria included: diagnosis of T2DM for 1 year or longer, age 18 or older, and ability to provide informed consent. A description of the recruitment procedures for the baseline panel has been previously presented [18] .
At the follow-up contact (Time 2), all participants from the baseline cohort were invited to participate in the follow-up study. A total of N = 128 (64%) patients responded to invitations for study participation. Of these, N = 28 declined participation following contact with the research assistant (22% refusal rate). Twelve participants from Time 1 were deceased or had moved out of the area in the intervening time and were not available to participate. A total of N = 100 (53% of possible responders) completed questionnaires and consented to release medical record data.
Informed Consent and IRB Approval
The study was approved by the Institutional Review Board at Ohio University. Appropriate procedures for research with human subjects were followed in accordance with ethical and legal standards.
Procedures
Participants completed psychosocial questionnaires that included the following variables and measures at Time 1 and Time 2.
• Demographic characteristics included age, ethnicity, marital status, income, educational status, work status, health insurance status, and economic resources such as employment status, total annual income, home ownership, and patient appraisal of their financial situation. • Medical record variables were reviewed at Time 1 and again for the year prior to study participation at Time 2. Variables collected from these records included glycosylated hemoglobin (HbA1C; normal reference range: 4.3-5.7%), total cholesterol, BMI, diabetes complications, and prescribed medications.
• Depression characteristics. Participants completed the Beck Depression
Inventory-II (BDI-II), a 21-item self-administered questionnaire used to assess depressive symptoms in the 2 weeks prior to administration [26] . BDI-II items have been designed to correspond with Diagnostic and Statistical Manual-IV-TR diagnostic criteria. The BDI-II has been shown to have excellent test-retest reliability (r = 0.93) and inter-item correlations (ranging from r = 0.91 to r = 0.95) when used in general populations [26] and diabetes samples [27] . The items are summed with total scores ranging from 0 to 63 with higher scores indicating higher levels of depressive symptoms [26] . In addition, participants were asked about the presence of depressive symptoms for the past 12 months (e.g., "Have you felt depressed or sad much of the time in the past year?") rated as "yes" or "no." • Depression treatment experience. Participants were asked about depression treatment experience (i.e., presence/absence of psychotherapy, antidepressant medications (and types), alternative therapies (e.g., herbal remedies, healers, pastoral counseling). Satisfaction with each type of treatment used was rated on a 5-point Likert scale (1 = Very dissatisfied; 5 = Very satisfied).
Analyses
Presence of depressive symptoms was dichotomously coded as "none/mild" or "moderate/severe" using conservative thresholds for the BDI-II total score ("moderate/severe" defined as a BDI score ³ 20; "none/mild" defined as a BDI-II score £ 19). These higher thresholds were selected to maximize positive predictive value and sensitivity for depression in a diabetes population. Chi-square and Student's t-tests were conducted to assess sample differences across time points and by depressive symptom status. Analyses of variance were conducted to evaluate mean number of treatment strategies and medications by depression symptom status over time. Participants with data at Time 1 and Time 2 were categorized by their patterns of depressive symptoms over time into four groups: never depressed, remitted, new, and persistent depressive symptoms. Logistic regression analyses were conducted using SAS version 8.2 [28] to assess predictors of depressive symptom persistence. Overall model fit was evaluated using Hosmer-Lemeshow goodness-of-fit statistic [29] . A test of discrimination of depressive symptom status was evaluated by examining the area under the ROC curve (ROC) [29] .
RESULTS
Demographic characteristics for the Time 1 and Time 2 samples are shown in Table 1 . At baseline, the sample was predominantly White (94%), female (60.2%), married (71%), with a mean age of 57 years with more than 50% of respondents with less than high school or a high school education. Nearly half of participants (45%) had an annual household income less than $21,000. Time 2 data collection occurred 18 months (SD 4.7 months) following the baseline assessment. The subsample participating at Time 2 was representative of the baseline cohort. As anticipated, participants at Time 2 were older (mean age = 60.4 years, SD 11.1; p < .009) than those responding at Time 1. No other significant demographic differences between samples were observed. The preponderance of patients reported current health insurance coverage (96%). Ninety-one percent reported receiving care from a primary care provider (PCP) and 56% reported receiving healthcare from a diabetes specialist. Characteristics of those who did not complete Time 2 were compared to Time 2 participants and no significant differences in the subsamples were observed. 
Diabetes Status/Complications
Self-Reported Depressive Symptoms at Time 2
Sample characteristics for depressive symptoms and treatment at each time point are shown in Table 2 . Participants at Time 2 did not differ from those in Time 1 with respect to mean BDI depression scores or distribution of depressive symptom severity.
At Time 2, the mean BDI score was 14.0 (SD 11.7) indicating mild depressive symptoms on average. Approximately 62% of all Time 2 participants reported minimal depressive symptoms (0-13), 11% mild symptoms (14) (15) (16) (17) (18) (19) , 11% moderate symptoms (20) (21) (22) (23) (24) (25) (26) (27) (28) , and 16% severe symptoms (29 or higher). When the moderate and severe categories were combined (i.e., moderate/severe depressive symptom group), 27% of participants reported clinically significant levels of depressive symptoms (i.e., ³ 20). Fifty-four percent of participants reported a 2-week period of depressive symptoms during the previous year and 29% of participants reported feeling depressive symptoms for "most of the past year."
Demographic characteristics by depressive symptom status were examined. Patients who reported moderate/severe depressive symptoms had fewer years of education (c 2 = 18.9, p < .0003), lower household income (c 2 = 8.5, p < .04), were less likely to own their own homes (c 2 = 4.4 p < .04), and more likely to report difficulty making ends meet (c 2 = 15.5, p < .0004) than those reporting none/mild depressive symptoms. Examination of differences in diabetes outcomes by depressive symptom status indicated that patients with moderate/severe depressive symptoms had a younger age of diabetes onset (t = 2.3, p < .03) and were more likely to be smokers (c 2 = 6.2, p < .01) compared to their counterparts with none/mild depressive symptoms.
Depression Treatment Characteristics
At Time 2, nearly half of patients (47%) reported experience with one or more types of depression treatment within the past year including antidepressant medications (47%; mean number of antidepressant medications = 0.98, SD 1.85), mental health professionals (16%), alternative healers (e.g., pastors, faith healers; 5%), and herbal remedies (4%). The majority of participants rated general satisfaction with most forms of treatment (i.e., 72% for antidepressant medications; 75% mental health providers; 50% herbal remedies) with the exception of alternative healers (40%).
Evaluation of prescribed antidepressants noted in the medical record indicated that 24% of participants were prescribed a mean number of 1.3 (SD 0.5) antidepressant medications. These patients represented 48% of those with moderate/severe depressive symptoms at Time 2. Four percent of participants were prescribed anxiolytic medications and one participant (1%) was prescribed antipsychotic medication. 
Depressive Symptom Patterns
Patterns and predictors of depressive symptoms were assessed by comparing BDI scores at each time point. Among those who reported depressive symptoms at Time 1 and completed Time 2, 77% (N = 17) reported depressive symptoms 18 months later (persistent depressive symptom group). Of those participants who reported persistent depressive symptoms, 88% (N = 15) reported feeling depressed or sad much of the time in the preceding year. Twenty-three percent (N = 5) of those with depressive symptoms at Time 1 no longer reported clinically significant depressive symptoms at Time 2 (remitted depressive symptom group). Of the 78 participants who did report none/mild depressive symptoms at Time 1, 10 (13%) were categorized as having clinically significant depressive symptoms at Time 2 (new depressive symptom group) and 68 (87%) continued to endorse none/mild depressive symptoms (never depressed group).
Predictors of Depressive Symptom Persistence
Logistic regression analyses were conducted to identify predictors of depressive symptom recurrence (i.e., persistent vs. non-persistent; shown in Table 3 ). Preliminary analyses were conducted to identify significant predictors of depressive symptom persistence among demographic, diabetes, and depression treatment variables collected at Time 1. Significant predictors in the respective models were lack of home ownership, greater complexity of diabetes treatment, greater number of antidepressant medications, and lowered satisfaction with antidepressant treatment.
In the final model, all variables including gender and current depression treatment status (Time 2) were entered into the model simultaneously. Results indicated that increased complexity of diabetes treatment (OR = 2.3; 95%CI: 1.1-4.9), lack of home ownership (OR = 11.4, 95% CI: 1.7-75.9), and decreased satisfaction with antidepressant medications (OR = 2.0; 95%CI: 1.2-3.5) significantly predicted recurrent depressive symptoms (c 2 = 27.9, p < .0001, R 2 = .26; Hosmer-Lemeshow Goodness of Fit c 2 (7, N = 96) = 1189, p = .10; ROC = .85.
DISCUSSION
The results of this study demonstrated a significant level (27%) of co-morbid diabetes and depressive symptoms among rural Appalachian clinic patients comparable to average prevalence estimates in studies using self-report questionnaire assessment methods [1] . Moreover, this rate was consistent with cross-sectional rates observed in our prior research at Time 1 (i.e., 31%) [18] .
In the current study, 77% of participants who reported depressive symptoms at Time 1 reported recurrent depressive symptoms at Time 2. These findings are consistent with those found in urban samples reported by Peyrot and Rubin [24] at 6-and 12-month follow-up (73%) and Lustman [25] using MDD as the diagnostic category. However, this is the first study to examine depressive symptom patterns in a rural sample. The absence of diagnostic interview data in which specific onset and offset periods could be recorded does not permit us to determine whether participants were reporting separate or continuous episodes of depressive symptoms from Time 1 to Time 2. However, the majority (88%) of participants with significant depressive symptoms at both time points reported feeling consistent depressive symptoms for most of the past year, which suggests continuous rather than discrete depressive symptoms. Evaluation of the depressive symptoms trajectories found comparable rates of newly reported clinically significant depressive symptoms in our sample (13%) to those reported by Peyrot and Rubin [24] . Despite the persistence of depressive symptoms, we did not observe significant differences in the number of treatment strategies or number of antidepressants reported across groups (new, remitted, and recurrent). It is unknown whether patients received multiple simultaneous treatment strategies.
Examination of the predictors of the persistence of depressive symptoms differed from prior studies. In our rural Appalachian sample, we found that increased complexity of diabetes treatment (ranging from diet alone to combination therapy) and dissatisfaction with antidepressant medications at baseline significantly DEPRESSION AND TYPE 2 DIABETES / 273 Hosmer-Lemeshow Good-of-Fit Test predicted depressive symptom persistence at the 18-month follow-up. These findings differ from those reported by Peyrot and Rubin [24] in which non-insulin treated patients with a greater number of diabetes complications were more likely to report persistent depressive symptoms. In our study, greater number of diabetes complications was not a significant predictor of depressive symptoms. This may be a function of overall low levels of diabetes complications (i.e., less than 1 complication on average) in this sample which had favorable levels of glycemic control (i.e., average A1c 7.1% at Time 2). Limitations of the current study include the use of self-report depressive symptom questionnaires and the use of a clinic patient population. The use of self-report questionnaires has been documented to be associated with higher reported rates of depressive symptoms than psychiatric interviews [1] . Given this inherent bias, we noted comparable rates of persistent depressive symptoms in this sample compared to other national samples [24] . We also attempted to overcome this limitation by utilizing conservative thresholds (i.e., BDI scores in the moderate/severe range) for the categorization of depressive symptoms status. The use of self-report questionnaires as well as a sample of clinic-attendees may limit the generalizability of these findings to patients with T2DM in this region who do not attend physician appointments, since the majority of this sample had access to health insurance and a primary care provider. In addition, it is possible that the observed rates of depressive symptoms may be underestimated for individuals with lower economic and health resources. Finally, the study response rate limited the number of cases that could be categorized as persistent. The samples at Time 1 and Time 2 were comparable with respect to demographic and depressive symptom data suggesting no systematic bias in the characteristics of respondents at Time 2. Prior research on the recurrence of depressive symptoms or depression is similarly limited by the use of small, urban sample of T2DM patients [25] . Replication of the current study is warranted in a larger sample of rural Appalachian T2DM patients with recurrent depressive symptoms.
For the T2DM patients experiencing persistent depressive symptoms and who were receiving an antidepressant medication at Time 2, the BDI indicated that medication may not have been sufficient in resolving depressive symptoms below moderate levels, suggesting insufficient treatment outcomes. It may be that single modes of treatment were insufficient at treating co-morbid depressive symptoms within these patients. Those with persistent depressive symptoms also did not report a greater number of treatment strategies in the previous year compared to new or remitted depressive symptom groups. Given that dissatisfaction with antidepressant treatment at baseline predicted persistent depressive symptoms, it is possible that patients with these depressive symptoms lost faith in antidepressant medications when treatment "failed" (i.e., symptoms remained) thereby limiting their desire to seek future medications or alternate treatment strategies. This problem is further exacerbated by the paucity of psychiatry professionals in rural areas [21] .
Findings from this study document the persistent nature of depressive symptoms in rural Appalachian patients with T2DM at an 18-month follow-up evaluation. These findings also provide important evidence for the need for appropriate identification and management of depressive symptoms as a part of standard T2DM care within this rural region. In our sample, less than half of those with clinically significant depressive symptoms were receiving antidepressant medication at Time 2 as documented in the medical record. This is consistent with previous findings that depression is often undiagnosed and under-treated in the primary care setting [31] . This is important given that the majority of rural Appalachian residents seek mental health services from their primary care providers. The presence of T2DM and co-morbid, persistent depressive symptoms challenges rural primary care providers to rise to the occasion by actively managing both diabetes and depression treatments. Rural primary care providers are well-positioned to regularly monitor depressive symptoms through interview techniques or the use of brief depression questionnaires (e.g., Beck Depression Inventory, PHQ-9 or PHQ-2) and work effectively with their T2DM patients to rigorously treat this co-morbid condition and improve patient outcomes.
